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The IGBT level-2 model takes into account the IGBT turn-on and turn-off transients. It provides a
quick way of studying IGBT’s transient behaviour.

This tutorial describes how to use the IGBT level-2 model.

Parameters needed by the model are:

Maximum Vce

Maximum Vec

Gate Threshold Voltage
Transconductance

Fall Time

Capacitance Cies
Capacitance Coes
Capacitance Cres

Rce_on

Vee_threshold

Internal Gate Resistance

Maximum rating of the collector-emitter voltage Vces, in V

Maximum rating of the emitter-collector voltage Ve, in V. If IGBT
has an anti-parallel diode, this voltage will be the diode forward
conduction threshold voltage.

Gate threshold voltage Vge w, in V

Transconductance gs of the IGBT, in S

Fall time Trai of the current when IGBT is turned off, in sec.
Input capacitance Cies, in F

Output capacitance Coes, in F

Reverse transfer capacitance Cres, in F

Collector-emitter on resistance Ree_on, in Ohm
Collector-emitter threshold voltage Vce th, in V

Internal gate resistance Rgate, in Ohm

To illustrate the process of obtaining the model parameters, this tutorial uses the IXYS IGBT
IXXH110N65C4 (650V, 110A) as an example. This device does not have an anti-parallel diode.

Parameters Vces, Vge th, Efs, Ttall, Cies, Cres, Coes:

These parameters can be read directly from the manufacturer datasheet, as highlighted in the red
boxes on the datasheet images below.

From the datasheet, we have:

Vees = 650
Vge_th =6

gfs =52

Ttan = 35n
Cies = 5500p
Coes = 267p
Cres = 80p
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XPT™ 650V IGBT IXXH110N65C4 V_. = 650V
GenX4m™ I = 110A
Cc11o
o Ve < 235V
Extreme Light Punch Through s ftyp) 35ns
IGBT for 20-60 kHz Switching
E
Symbol Test Conditions Maximum Ratings
Ve T, =25°C10175°C 650 v TO-247 AD
Veen T, =25°CG 10 175°C, R = 1M 650 v
Vees Gontinuous +20 v
Ve Transient 130 v
(I T. = 25°C (Ghip Capability) 235 A
- Terminal Gurrent Limit 160 A
leio T. =110°G 110 A
I T, =25°C, ims 600 A G = Gae ¢ = Callector
o c m E = Emiter  Tab = Collecior
SSOA Vg = 16V, T,, = 150°C, R = 20 Iy = 220 A
(RBSOA)}  Glamped Inductive Load @V = Vo
t, V. = 15V, V_ =360V, T, = 150°C 10 ps Features
(SCSOA) R, = 10, Non Repetitive
Pc T. =25°C 880 W * Optimized for 20-60kHz Switching
T 55 +175 L] * Squal’e RBS0OA
-|-" 175 o * Avalanche Gapability
M * Short Gircuit Gapability
Ts.g -55 . +175 °G o i
nternational Standard Package
TL Maximum Lead Temperature for Soldering 300 °G
Tean 1.6 mm (0.062in.) from Case for 10s 260 G
- y Advantages
4 Mounting Torgue 1.13M10 Nm/lb.in.
Weight g g * High Power Density
* 175°C Rated
* Extremely Rugged
* Low Gate Drive Requirement
Symbol Test Conditions Characteristic Values
(T, = 25°G, Unless Otherwise Specified) Min. Typ. Max.
Applications
BV.. l. =250pA, Vg =0V 650 v PP
Veem, I =4mA V=V, 40 65 V : UPS
lee Vi =V V=0V 10 pA . T;?LD"“'&
! =l
T,=180°C 500 wA * PFG Gircuits
leee Vg =0V, V=20V £100 nA * Battery Ghargers
. i i =
Vieggsan l. =110A, V= 15V, Note 1 206 | 235 V , Welding Machines
T,=150°C 250 v Lamp Ballasts
* High Frequency Power Inverters

Z

POWERSIM Learn more at powersimtech.com




PSIM|  |GBT Level-2 Model

Symbeol Test Conditions Characteristic Values .
(T, = 25°G Unless Otherwise Specified) Min. Typ. | Max. T0-247 ““"!) Outline ., -
—e— a1
. I = 60A, V. = 10V, Note 1 30 52 s ]
C.. 5500 pF H
Cous Ve = 25V, Ve = OV, f= 1MHZ 267 pF
C.. 80 pF
Qgiony 167 nG
Q, I.=110A, V= 15V, V__=05-V_, 44 nG
Q'g= 63 nC
tqm' 3 30 ns
tri Inductive load, TJ =25°C 45 ns Terminais: 1 - Gaie 2 - Gollector
Em } ll: = BBA, VGE =15V 2 B0 md 3 - Emifter
_ _ s Dimn. Millimeter Inches
Vi = 400V, R =20 110 n Min.  Max. | Min. Max
L Naote 2 35 ns A 47 53| 185 208
o oes | 105 m) A | 22 Zs| 0% ooe
tth 26 ns b 10 14| 040 055
t, Inductive load, T, = 150°C 45 ns ::- ;: g:g '13?‘3 '132';
E,, lo = 55A, Ve = 15V 355 mJ c | 2 8| o016 o3
— — - D |2080 2146 819 845
tq«n Vie = 400V, Ry =20 120 ns E [1575 1626 | 610 640
t; MNote 2 40 ns e 520 572 |0205 0.225
E 0.90 P L |1@81 2032 780 800
oif L1 4.50 AT7
Ryuc 047 “CW ©P | 355 365 140 144
. O | 580 640 (0232 0.252
Rucs 021 cw R | 432 540 170 =218
5 | 815 BSC 242 BSC
Parameter Vecs:

This parameter is not provided in the datasheet. We will use a typical value of 15V in this case.

If there is an anti-parallel diode, this parameter will be the diode forward conduction threshold
voltage.

Parameters Rce on and Vee th:

These two parameters can be obtained from the Ic-Vce characteristics, as shown below.

Fig. 1. Qutput Characteristics @ T, = 25°C
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The parameter Ree on represents the slope of Vce vs. Ic, and the parameter Ve w is the voltage
when Ic =0.

We will use the curve corresponding to Vce = 15V. From the graph, we can obtain the following:
Vce_th = 1.2 V

Also, based on two points from the graph, we can calculate the resistance. From the graph, we
have:

Vee1 = 2, lcx1 = 100; Vee2 = 2.75, I = 200A
Then
Ree on = (2.75-2) / (200 — 100) = 7.5 mOhm
Note that the graph used here is for Tj = 25°C. To better match the circuit, the values of Ree_on and

Ve th may need to be adjusted for the actual operating temperature Tj.

Parameter Rgate:

The internal gate resistance is typically not given in a datasheet.

If the curve of the turn-on delay time tq onVs. the gate resistance Rg is given (such as in this case),
the internal gate resistance can be calculated approximately from the curve. If the curve is not
given, one can set up a test circuit with the same test condition as in the datasheet, and adjust the
internal gate resistance until the simulation result of the turn-on time or turn-off time is close to
the datasheet result.

From the datasheet, we have the switching times vs. the gate resistance as below:

Fig. 18. Inductive Turn-on Switching Times vs.
Gate Resistance
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The total gate resistance Rg totalis equal to the external gate resistance Rg plus the internal gate
resistance Rgate. If the turn-on delay time is doubled, we can assume that the total resistance is
doubled. From the graph, we have:
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td_on,1=26n, Rg1=2
td_on2=52n, Rg2 =12
We have:
Rg,2 + Rgate = 2 * (Rg,1 + Rgate)
Or
Rgate = Rg2-2 *Rg1=12-2%2=8
For better fit of the rise time, an internal gate resistance of 5 Ohm is used.

In general, model parameters may need to be adjusted to have a better match to the datasheet
results or experimental results.
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